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ABSTRACT
Clinical Waste Water (CWW) possesses the risks of
spreading antibiotic resistant bacteria in the environment. In Bangladesh, liquid discharge is directly released into the municipal sewage system and pollutes
the surroundings water bodies/rivers. Liquid samples
were collected from the three CWW discharge sites
connected to DMCH (Dhaka Medical College Hospital) and from one control group non-connected to
DMCH. About 32, 30 and 26 times higher ciprofloxacin, cefixime and multi-drug resistant bacterial count
were found in CWW over control samples. Among
the isolates, two Escherichia spp. isolates, denoted 26N
and 28N, were found to be resistant against fluoroquinolone (MBC of Ciprofloxacin > 1024 μg/ml), cephalosporin, glycopeptide, monobactam, penicillin, tetracycline, rifampicin, macrolides, sulfonamide and nitrofuran classes of drugs and were also ESBL positive
through phenotypic assay. Plasmid curing experiment
detected possible plasmid mediated resistance of fluoroquinolone, cephalosporin, tetracycline, lincosamide
and nitrofuran classes of antibiotics. Phylogenetically,
isolate 26N and 28N were characterized as Escherichia coli and Escherichia fergusonii. These MDR and
ESBL positive bacteria are potent to disseminate resistant determinants in the surrounding environments.
Keywords: Clinical Waste Water; Escherichia;
Multidrug Resistance; ESBL; Ciprofloxacin

1. INTRODUCTION
Antibiotics and their extensive use are pivotal in the se*
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lection of bacterial resistance towards various groups of
antibiotics and spread of resistance genes [1]. This situation is initiated by the counter availability, indiscriminate
and inappropriate use of antimicrobial agents [2] specially in countries like Bangladesh. An alarming situation is the progressive loss of susceptibility towards Ciprofloxacin due to its increased use [3,4] in the treatment
of a broad range of clinical conditions such as urinary
tract infections, upper respiratory tract infections, as a
prophylaxis in neutropenic patients and in the poultry
sectors [5,6].
Antibiotic resistance is particularly predominant among
gram-negative bacteria [7,8], specifically within the members of Enterobacteriaceae [9]. Co-existence of fluoroquinolone and cephalosporin resistant Extended Spectrum
β-Lactamase (ESBL) producing isolates are disseminating
in the environment through hospital wastes [10-12]. Both
chromosomal and plasmid mediated drug resistance against fluoroquinolone groups have been reported. Chromosomal resistance is due to the mutation in the DNA gyrase and topoisoerase IV [13,14], decrease in outer membrane permeability and overexpression of naturally occurring efflux [15]. Plasmid mediated quinolone resistance
(PMQR) is reported to carry quinolone resistance genes:
qnrA, qnrB, qnrC, qnrD, qnrS, the aminoglycoside acetyltransferase gene aac, the efflux pump genes qepA and
oqxAB [16-19].
Antibiotics used in medicine are only partially metabolized [20,21] by patients and discharged into the hospital sewage system or directly into the municipal wastewater. The predicted concentrations of antibiotics in hospital wastewater are in the range of the semimaximum
inhibitory concentration (MIC50) of sensitive pathogenic
or beneficiary bacteria for some active substances (0.1 2.9 mg/l) leading to the growing antibiotic resistance of
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biotics were calculated (Table 1). As Ciprofloxacin, the
2nd generation fluoroquinolone and Cefixime, the 3rd
generation cephalosporin, were mostly used by the patients during the study period, bacterial resistance were
analysed using these two antibiotics.
Total three groups of samples (1, 2 and 3) from DMCH liquid waste discharge and 1 control group sample
(4), 400 m away from DMCH liquid discharge (Figure 1)
were collected within the two months period of September-October 2008 and September-October 2009. Group 1
samples were collected from a drain where the waste
falling directly from the surgical unit toilets, Group 2 and
3 samples were collected from two different drains which
were directly connected to the burn unit toilets and wash
rooms, respectively of the DMCH. Group 4 samples were
collected directly from a safety tank of a nearby student
residence called Shahidullah Hall, which had no connection to the hospital drain system. Samples were collected
and transported to the laboratory using the standard me-

pathogenic bacteria in the environment [22].
Bacterial antibiotic resistance is transferable. If the resistant bacteria are allowed to distribute in the environment, they will most likely transfer resistance gene to
other bacteria of same species or different. Dissemination
of these resistant bacteria will not be restricted to a particular geographical area; drug resistance can be expected
to spread steadily to all parts of the world. The scenario
is plausible, but the risks cannot be estimated because of
the insufficient understanding and of limited data availability.
The assessment of this pollution intensity in Bangladesh is currently at early stage and available data are limited. In our previous endeavor, high percentage of Ciprofloxacin resistant E. coli was isolated and characterized from CMCH [14]. An extended research was carried
out for the largest medical college DMCH (Dhaka Medical College Hospital) located in Dhaka, Bangladesh.
The disposal system of DMCH allows the liquid wastes
to directly discharge into the municipal sewage system.
This raises the importance of investigating the involvement of DMCH liquid wastes discharge in the development and distribution of antibiotics resistance in the environmental bacteria.

Table 1. Major antibiotics used in surgical and burn units of
DMCH in September-October 2008 and September-October
2009 (a survey on 45 patients).
Sl No

Groups of
Antibiotics

Antibiotics used

Percentage of
antibiotics used (in %)

2. MATERIALS AND METHODS

01

Cephalosporin

Cefixime,
Ceftriaxone, Ceftron

30 - 44

2.1. Major Antibiotics Used in DMCH and
Collection of Liquid Waste Samples

02 Fluoroquinolones

Ciprofloxacin,
Ciprocin, Livoxin

35 - 40

Prior to sampling, data of major antibiotics used by the
patients of DMCH were collected within a period of September to October 2008 and September to October 2009,
and the percentages of usage of different groups of anti-

03

Penicillin

Flucloxacillin

08 - 20

04

Gentamicin

Gentin

01 - 04

05

Tetracyclin

Doxycycline

01 - 06

06

Metronidazole

Metro

02 - 05

Student Hall
400 meters
Sample 1
Sample 2

Surgical Unit

Burn
Unit

50 meters

DMCH

Sample 3
Sample 4
Drain
Distance

20 meters

Figure 1. Dhaka Medical College Hospital (DMCH) liquid waste disposal drainage system and four
sampling points. The wastes from different units of the hospital connected are indicated along with
their approximate distances.
Copyright © 2013 SciRes.
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thod described previously [14].

2.2. Enumeration of Resistant Bacteria and
Isolation of Ciprofloxacin Resistant
Escherichia spp.
Total bacterial count (TBC), total Ciprofloxacin, Cefixime and both Ciprofloxacin and Cefixime resistant bacterial count and isolation of Ciprofloxacin resistant Escherichia spp. were done using the method described
previously [14]. For total Ciprofloxacin and Cefixime resistant bacterial count, Ciprofloxacin (1 µg/ml) and Cefixime (5 µg/ml), respectively were added into the molten
plate count agar (PCA) media at about 45˚C - 50˚C.
From the Ciprofloxacin and Cefixime supplemented plates,
10 presumptive Escherichia spp. were selected after characteristic growth on MacConkey agar, Xylose lysine deoxycholate (XLD) agar, Eosine methylene blue (EMB)
agar; and conventional biochemical tests of sugar utilization (lactose, dextrose), indole test, methyl red (MR) test,
voges-proskauer (VP) test, citrate utilization test, motility Indole urease (MIU) assay, catalase and oxidase. The
tests were carried out according to Bergey’s Manual of
Systematic Bacteriology [23].

2.3. Antibiotic Resistance Profile of the Selected
Escherichia spp.
Among the resistant isolates, two highly Ciprofloxacin
presumptive Escherichia isolates (26N and 28N) were
selected for detail antibiogram study by Kirby-Bauer method [24] using the commercially available standard discs
(Oxoid, Basingstoke, UK) of Streptomycin (10 μg/ ml),
Ciprofloxacin (5 μg/ml), Ampicillin (25 μg/ml), Rifampicin (5 μg/ml), Oxytetracyclin (30 μg/ml), Cephalosporin
(30 μg/ml), Nalidixic Acid (30 μg/ml), Chloramphenicol
(30 μg/ml), Nitrofurantoin (300 μg/ml), Aztreonam (30
μg/ml), Levofloxacin (5 μg/ml), Gentamycin (10 μg/ml),
Ceftriaxone (30 μg/ml), Cloxacillin (5 μg/ml), Trimethoprim (5 μg/ml), Amikacin (30 μg/ml) Cefotaxime (30
μg/ml) and Ceftazidime (30 μg/ml) (Table 2). Susceptible ATCC 25922 Escherichia coli was used as a control.
Isolate 26N and 28N that were completely resistant to
2nd generation fluoroquinolone and 3rd generation Cephalosporin, were further analyzed for the presence of
Extended Spectrum β-Lactamase (ESBL) production by
the method of Double Disc Synergistic Assay (DDST)
[25]. In the DDST method, a lawn culture of the test organisms onto a Mueller-Hinton agar plate was performed.
Augmenting disk [Amoxicillin-clavulanate] was placed
at the centre of the plate and the disks containing Ceftazidime, Cefotaxime and Ceftriaxone antibiotics (30 µg
each) were placed 15 mm centre to centre from the augmenting disk.
Copyright © 2013 SciRes.
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MIC (minimum inhibitory concentration) and MBC
(minimum bactericidal concentration) range of the isolate
26N and 28N were analyzed by turbidimetric method [14]
at an optical density of 600 nm using different concentrations of Ciprofloxacin (8 µg/ml, 32 µg/ml, 64 µg/ml,
128 µg/ml, 256 µg/ml, 512 µg/ml, 768 µg/ml, and 1024
µg/ml). 0 µg/ml Ciprofloxacin was used as a control.

2.4. Extraction of Plasmid DNA from
Ciprofloxacin Resistant Escherichia spp.
Plasmid DNA of selected presumptive Escherichia spp.
26N and 28N was extracted according to the alkaline
lysis method [26]. E. coli V517 was used as a control and
plasmid size marker [27]. Extracted plasmid DNA was
separated by horizontal electrophoresis in 0.8% agarose
gels in a Tris-acetic acid EDTA (TAE) buffer at room
temperature at 70 volt (60 mA) for 2 hr. 10 µl of plasmid
DNA solution was mixed with 2 µl of tracking 6X dye
and was loaded into the individual well of the gel. The
gel was stained with ethidium bromide for 12 minutes at
room temperature and destained with distilled water for
10 minutes. DNA bands were visualized and photograph
was taken using Gel Documentation with UV transilluminator (Gel Doc, BioRad, USA). The size of the unknown plasmid DNA was determined comparing with
the known size (bp) plasmid markers of E. coli V517.

2.5. Curing of R-Plasmid
Plasmid curing of two ESBL positive isolates (isolate
26N and 28N) was performed by the modified method of
Tomeda et al. [28]. Each test organisms was grown overnight in Luria Bertani (LB) broth. The resulting culture
was diluted to 104 cells/ml and 0.5 ml was mixed with
each of the 4.5 ml LB broth containing 100 µg/ml of
ethidium bromide and 75 µg/ml of acridine orange respectively. Ethudium bromide and acridine orange act as
curing agent. The cultures were then incubated at 37˚C in
an orbital shaker at 150 rpm for 48 hours. Cured isolates were detected using patch method maintaining control plates.

2.6. PCR Amplification and Nucleotides
Sequencing
DNA was extracted from the isolates 26N and 28N and
the 16S rRNA gene was amplified by PCR with the primers 27F (5’-AGAGTTTGATCCTGGCTCAG-3’) and
1492R (5’-TACGGTTACCTTGTTACGACTT-3’) using
the reaction conditions described previously [29]. The
PCR products of the isolate 26N and 28N were purified
with the Wizard PCR SV Gel and PCR Clean-Up System
kit (Promega) and were sequenced in ABI sequencer
(ABI prism 3130). The 16S rRNA gene sequences were
OPEN ACCESS
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compared to that of the sequences deposited in the NCBI
database using the BLAST algorithm. The sequences
were submitted to GenBank database under the accession
numbers KC542889-KC542890.

3. RESULTS
(DMCH) Dhaka Medical College Hospital is one of the
largest hospitals in Bangladesh. This is an extended study
of CWW analysis in Bangladesh with respect to the frequency of specific groups of antibiotics used by the patients in DMCH; burden of R-gene pool pollution; resistance prevalence of Escherichia spp. against commonly
used Ciprofloxacin and their molecular characterization.

3.1. Prevalence of Multidrug Resistant Bacteria
and Isolation of Escherichia spp. 26N and
28N
The most frequently used antibiotics in the DMCH surgery and burn units were cephalosporin and fluoroquinolone groups of antibiotics during the time of this study.
Among those, Cefixime within the cephalosporin and
Ciprofloxacin within the fluoroquinolone groups were
mostly used (Table 1).
The highest bacterial count and resistant bacterial
count was observed for the burn unit samples of DMCH
as compared to the surgical unit (Figure 2). Sample 2
(burn unit effluent) showed approximately 32, 30 and 26
times higher Ciprofloxacin, Cefixime and MDR bacterial
count respectively as compared to the control sample 4.
From Ciprofloxacin and Cefixime supplemented plates,
10 presumptive Escherichia spp. were isolated using selective growth on MacConkey, XLD and EMB agar plates
and corresponding biochemical assay. They were positive
in lactose utilization, dextrose utilization, indole produc-
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tion, MR reaction, catalase and oxidase test and were
found to be negative for VP reaction, citrate utilization
and urease production. Among the ten presumptive Escherichia isolates, two isolates (isolate 26N and 28N)
that were completely resistant towards Ciprofloxacin and
Cefixime, were further tested to characterize their antibiotic resistance profile.

3.2. Analysis of Antibiotic Resistance Pattern
and Determination of ESBL Production
Isolate 26N and 28N were resistant against wide groups
of antibiotics (Table 2). These two isolates showed common resistance against fluoroquinolones, cephalosporins,
monobactams, penicillin, tetracycline, glycopeptides, rifampicin, sulfanamide and nitrofuran groups of antibiotics except macrolides. Isolate 26N were sensitive to Azithromycin whereas isolate 28N were resistant. Both of
them were sensitive against aminoglycosides, carbapenem, chlorampenicol and streptomycin classes of antibiotics (Table 2). Isolate 26N and 28N were found to be
pure ESBL producers through the DDST method showing characteristics zone of enhancement towards the augmenting disc. MBC of the isolate 26N and 28N couldn’t
be attained even at 1024 µg/ml of Ciprofloxacin (data
not shown).

3.3. Plasmid Profile Analysis before and after
Curing Experiment
Isolate 26N and 28N contained multiple plasmids of variable molecular weight range from <2.1 kbp to upto 53.7
kbp (Figure 3(a)). Both the isolates contain multiple size
ranged plasmids of low and high molecular weight. As
isolate 26N and 28N contained several small plasmids,
plasmid curing experiments were carried out to investigate the plasmid mediated resistant property. After plasmid curing of the isolate 26N and 28N with curing agents,
it was observed that most of the small plasmids were
successfully cured. After curing, the isolates showed sensitivity against Ciprofloxacin, Cefixime, Ampicillin and
Nalidixic acid with whom they were resistant before (Figure 3(b)).

3.4. Sequencing and Phylogenetic Analysis

Figure 2. Total bacterial count (TBC), Ciprofloxacin resistant
count (CipRC), Cefixime resistant count (CefRC) and both Ciprofloxacin and Cefixime resistant count (MDRC) of Dhaka
Mediacal Colege Hospital (DMCH) sample 1 (surgical unit toilet connected drain), sample 2 (burn unit toilet connected drain),
sample 3 (burn unit washroom connected drain) and sample 4
(safety tank of student dormitory).
Copyright © 2013 SciRes.

The 16S rRNA gene sequence analysis of the isolate 26N
and 28N showed close similarity to to Escherichia coli
and Escherichia fergusonii respectively with a maximum
similarity of 99% to 100% (Figure 4). Phylogenetically,
they were well aligned within the Shigella-Escherichia
cluster showing homology to Escherichia spp. (Figure 4).

4. DISCUSSION
Use of common antibiotics to control infectious diseases
OPEN ACCESS
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(a)

(b)

Figure 3. (a) Agarose gel electrophoresis (0.8% gel) of plasmid DNA showing
the multiple plasmid patterns of E. coli isolates 26N and 28N before curing
(Lane 5, 3) and after curing (Lane 6, 2) experiment. Lane 1 and 7 shows 1 kb
and 100 bp markers (Bioneer, USA). E. coli V517 (Lane 4) was used as reference plasmid marker. (b) Antibiogram (plate diameter 200 mm) of 26N ii)
and 28N i) showing difference in resistance pattern before and after curing of
plasmids. CIP-Ciprofloxacin; OT-Oxitetracicline; F-Nitrofurantoin; W-Trimethoprim; CN-Gentamicin; CX-Cloxacillin and CTX-Cefotaxime.

is gradually becoming ineffective due to the development
of antibiotic resistance within the microorganisms and
its’ horizontal/vertical transfer in the microbial population [30]. Developing countries like Bangladesh is suffering from this crisis at exceeding level due to indiscriminate use of antibiotics by the clinical practitioners as
well as by the community people without any prescriptions [31]. A considerable amount of antibiotics from the
users are excreted out of the body through urine and
other means [32]. As a consequence, the treatment of disease with antibiotic not only kills the pathogen, but also
favors the development of resistance in the environment
[33].
A practitioner of surgical and burn unit relies on broad
spectrum antibiotics to fight against unwanted infections.
Data collected from these units of DMCH showed that
broad spectrum antibiotic Ciprofloxacin and Cefixime
were prescribed at the highest frequency during our study
period. To support the hypothesis that these hospital units
discharge a large amount of resistant bacteria than the
non-hospital connected waste, surgical and burn unit
Copyright © 2013 SciRes.

waste were chosen. Sampling site 1, 2, and 3 were directly connected to surgical unit toilets, burn unit toilets
and burn unit wash rooms. A control sample 4 was collected from the outflow of nearby student hall that were
not directly connected to the hospital water outflow (Figure 1). The results clearly showed that hospital waste or
hospital connected sample 1, 2 and 3 contained enormously high numbers of resistant bacteria compared to
hospital non-connected control sample 4 (Figure 2).
Bacteriological analysis showed that DMCH surgical
unit outflow (sample 1) contained the highest percentage
of Ciprofloxacin, Cefixime and MDR bacteria as compared to the non-hospital connected sewage outflow
(sample 4) (Figure 2). This may be due to the enormous
amount of antibiotic usage and excreted from the hospital units. The burn unit sample connected to the wash
room (sample 3) perhaps undergone more dilution and
therefore showed the lowest percentage of antibiotic resistant bacteria among the three sampling locations. Also
the MDR count in all three samples were considerably
high as compared to the control sample (Figure 2), indiOPEN ACCESS
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Figure 4. Phylogenetic tree of 16S rRNA gene sequences of Escherichia spp. isolates and close relative NCBI reference
organisms retrieved from database with accession numbers. The tree was generated in program MEGA 5 using the
Neighbour-Joining algorithm with the Yersinia sequence serving as outgroup. Bootstrap values (n = 1000 replicates) are
shown at branch nodes and the scale bar represents the number of changes per nucleotide position.

cating the severity of the resistance situation in hospital
wastewater effluents.
Escherichia coli is one of the most predominant organisms that is excreted out of the body through stools and
sometimes urine and also it is an indicator organism for
other water-borne pathogens [34]. Here, in this study Escherichia spp. was selected as a representative model organism, because MDR E. coli were randomly selected
for antibiotic resistant profile analysis. Isolate 26N and
28N, phylogenetically closely related to Escherichia coli
and Escherichia fergusonii respectively, showed wide
range of resistance against 9 classes of antibiotics among
14 classes tested (Table 2). Their MIC and MBC against
Ciprofloxacin and Cefixime were very high and they
were both ESBL producing organisms.
Plasmid mediated Ciprofloxacin and Cefixime resistance is a common scenario [35] now a day, but usually
the resistance level is around 32 µg/ml [36]. But the isolates of the present study are highly resistant at a level of
>1024 µg/ml and carries plasmid mediated resistant determinants. If this level of resistance is present in the
nature and disseminating through transferrable plasmids,
soon highly effective fluoroquinolones will lose their implication in medical use. This study also shows the presence of ESBL in highly quinolone resistant Escherichia
spp. from the hospital wastewater indicating that patients
are spreading multi-drug resistant ESBL positive isolates
in the environment, through hospital wastes.
Plasmid extraction of the cured isolates of Escherichia
coli 26N and Escherichia fergusonii 28N showed that
Copyright © 2013 SciRes.

they lost most of their plasmids after curing experiments
and became sensitive towards Ciprofloxacin, Cefixime
and others (Figure 3). Previous evidence of interspecies
O antigen gene cluster transfer between Shigella boydii
15 and Escherichia fergusonii was reported from Bangladesh [37]. Also lateral transfer of plasmid mediated ampicillin resistance and ESBL gene was observed in E. fergusonii isolates [38]. Recently plasmid mediated quinolone resistance determinants qnr was found in clinical
isolates of E. coli from Norway [39] and Egypt [40] and
our unpublished data also supported the view for Escherichia spp 26N and 28N. Therefore, isolate 26N and
28N are potent to transfer plasmids harbored resistance
genes within other bacteria imparting antibiotic gene pollution.

5. CONCLUSION
DMCH hospital wastes pollutes environment with large
number of multi-drug resistant bacteria; high level of Ciprofloxacin (>1024 µg/ml) resistant Escherichia spp. are
present within the waste; these strains are found to be
MDR-ESBLs and are potent to harbor multi-drug resistant genes within transferrable plasmids. The current
investigation is one of the earliest reports from Bangladesh with respect to plasmid harbored high level of Ciprofloxacin resistance in Escherichia spp. especially in
Escherichia fergusonii. Further studies will be carried
out to identify the genes responsible for this high level of
ciprofloxacin resistant and typing of the ESBL.
OPEN ACCESS
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